WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A63B 53/04 



Al 



(11) International Publication Number: WO 99/24124 

(43) International Publication Date: 20 May 1999 (20.05-99) 



(21) International Application Number: PCT/US98/23219 

(22) International Filing Date: 4 November 1998 (04.1 1.98) 



(30) Priority Data: 

60/064,605 



7 November 1997 (07. 1 1 .97) US 



(71) Applicant (for all designated States except US): TEARDROP 
GOLF COMPANY [US/US]; 8350 North Lehigh Avenue, 
Morton Grove, IL 60053 (US). 

(72) inventors; and 

(75) Inventors/Applicants (for US only): SLUCKER, Rudy 
[US/US]; 66 Duffield Drive, South Orange, NJ 07079 (US). 
REED, Timothy, R. [US/US]; 140 Glen Road, Hawthorne, 
IL 60047 (US). ZERAVICA, John [US/US]; 224 East 
Center Avenue, Lake Bluff, IL 60044 (US). 

(74) Agent: HOFFMAN, Richard, B.; Tilton, Fallon, Lungmus 
& Chestnut, 100 South Wacker Drive, Chicago, IL 
60606-4002 (US). 



(81) Designated States: AU, CN, GB, JP, RU, US, European patent 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE). 



Published 

With international search report. 



(54) Title: GOLF PUTTER WITH IMPROVED CURVED STRIKING FACE, PUTTER SYSTEM, AND METHOD OF MAKING SAME 




ktfcttffi. wm * OJ044" U» rq 



r- i 


,ftt 

1 


) ,/r 




1 — 


1 OOM ^ 



(57) Abstract 

An improved vertically-curved strike face (15) for a golf putter, the roll radius for which is determined based on the given strike face 
height and loft selected, wherein, regardless of a given golfer's putting stroke style, and of variations within that stroke style the improved 
curved strike face (15) as determined permits consistently impacting the golf ball (28) in a critical true roll zone just shghtiy above the 
equator. Custom-fitting, to accommodate a given golfer's extreme puning style, or a given course's daily Sdmpmeter™ reading, or green 
speed or mowed putting green conditions, can be achieved by selecting a given curved strike face loft and the resultant strike face roll 
radius. A basic form of the invention comprises a series of putters with different roll radius, for a given loft and strike face height. 
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GOLF PUTTER WITH IMPROVED CURVED 
STRIKING FACE, PUTTER SYSTEM, 
AND METHOD OF MAKING SAME 

ppfprence to Related Application 
This is a full and complete application 
based on Provisional Patent Application Serial No. 
60/064,605, filed November 7, 1997, and also a 
Continuation-in-Part Application therefrom. 

Field of the Invention 
This invention relates to golf club putters 
having curved strike faces, and more particularly to 
an improved curved strike face which accommodates 
variances in putting styles, while assuring consistent 
impact of the golf ball below the ball's equator. 
Background of the Inv ention 
Numerous attempts have been made to produce 
putters with vertically curved strike faces which are 
intended to assist in assuring that putted balls run 
true to the target. Curved-faced putters can be full 
cylindrical-shaped putter heads, or formed with a face 
being only a portion of a cylinder. some curved face 
putters have a curved striking face having a radius 
much larger than that of the golf ball. The typical 
golf ball's diameter is 1.68 inches, although more 
recently there are both larger balls at 1.72 inches in 
diameter, and smaller balls at 1.64 inches in 
diameter. However, such large-radiused curved face 
putters, by hitting above the ball's equator, tend to 
initially drive the ball down into the putting 
surface, thus causing it to hop and skip for an 
extended initial portion of its motion. 

At the other end of the spectrum, there are 
curved face putters having a face radius that is 
substantially smaller than that of the typical golf 
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ball, e.g., see U.S. Patent Nos. 4,872,684, 5,193,806, 
5,433,441, and 5,501,461. However, with those small- 
radiused putters, the strike face's contact point with 
the golf ball often occurs substantially below the 
ball's equator. This again creates unnecessary extra 
••hopping" and initial skidding motion for the putted 
ball. Thus, the ball is again caused to go 
substantially off line, thereby resulting in missed 
putts, especially in mid-length longer putts of from, 
say, 5 feet and beyond. 

Yet other curved face putters are formed 
with a face radius of such a diameter as to attempt 
hitting the golf ball at substantially the ball's 
equator, e.g., see U.S. Patent Nos. 5,597,364 and 
5,688,189. Also, the curved strike face of some 
curved-faced putters (i.e., of the partial cylinder 
face-type) has a built-in or static loft. A change in 
such loft can dramatically change the point of impact 
with the ball, relative to the ball's equator. Thus, 
with many of the curved faced putters, whatever the 
radius, problems result when no initial slight lift is 
given the ball, i.e., to cause it to rise up to, and 
then start rolling across, the tops of the grass 
blades of the putting surface. 

Additionally, there is always the problem of 
exactly how the putter club head is delivered, i.e., 
presented, by the golfer's swing at impact to the golf 
ball. For example, it is known that a majority of 
golfers utilize a so-called pendulum stroke (i.e., 
putting style Class II), whereby the shoulders, upper 
arms, lower arms, wrists and hands are all locked in a 
given position. In that fashion, when the locked 
portions of one's upper torso are swung, there results 
a pendulum type swing motion. With that motion, the 
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putter shaft is delivered at impact at 90° bottom dead 
center to the golf ball (thereby delivering the 
measured static loft designed in the putter's strike 
face) . 

Further, there is another putting style, 
namely the so-called "broken wrist" putter stroke 
style (Class I) , such as used by professional golfer 
Bobby Locke. With that particular putting stroke, the 
golfer causes the wrists to break just prior to 
impact. In effect, this acts to tilt the club head 
ahead of the wrists, i.e., it is moved to the left 
ahead of the hands at impact for a righthanded golfer. 
The result is that, at impact, the leading edge of the 
club head is actually higher off the putting surface 
and coming up towards the golf ball. This putting 
style dynamically increases the designed static loft 
to the putter's strike face at impact. 

Further yet, there is the third or so-called 
"forward press" or "piston type" putting stroke style 
(Class III) , such as used by the well known 
professional golfer Tiger Woods. In that putting 
style, the golfer's wrist and hands are so aligned as 
to be located, rather than over the ball at address, 
somewhat forward of the ball. For a righthanded 
golfer, the hands have moved to the left ahead of the 
ball at impact. With a typical flat faced putter that 
has designed static loft on the strike face (say, 3«), 
such a forward press putting style has the effect of 
both delof ting the putter strike face at the point of 
impact, i.e., dynamically reducing the static loft, 
and also of lowering the putter head towards the 
putting surface, wherein the club's leading edge is 
closer to the ground at impact. 

Since the above varied putting stroke styles 
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can vary so widely, it is found that, for example, 
with a typical flat-faced putter having a 3° of static 
loft, the actual dynamic loft (i.e., at impact) of the 
strike face can vary anywhere from -7° to +13°, i.e., 
the shaft impact angle can vary by ±10°. Curved face 
putters, however, have not previously been made to 
accommodate all those well known different putting 
styles. 

Further, some prior curved face (and other 
type) putters have recognized the desirability of 
hitting the golf ball at a point below the ball's 
equator. This is done so as to give loft to the ball 
and to purportedly give it over spin or top spin. 
However, none of these prior putters have recognized 
a) that there is, in fact, a critical range for the 
distance below the equator to hit the golf ball, so as 
to minimize the initial skidding of the putted golf 
ball, and to therefore permit the ball's inherent 
angular rotation to control ball-tracking accuracy at 
the earliest point, and b) that roll radius 
determinations as a function of face height and loft 
can be made to assure impacting the ball within that 

critical range. 

Further yet, there continues to be a problem 
with selecting the putter's appropriate roll radius, 
depending on the given grass conditions (i.e., speed 
and height) of the putting surface. That is, there is 
a need to accommodate the very short putting grass 
used in a professional golf tournament, a somewhat 
longer grass height used at most private country clubs 
and better public courses, and finally, relatively 
longer grass used for the putting surfaces at most 
public golf courses. Thus, there has been no prior 
correlation for selecting a curved face putter of 
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proper roll radius as depending on a given course's 
Stimpmeter reading for playing on a given day. 

summary of the Invention 
The present invention overcomes the above- 
described problems of the prior art by providing a 
curved face putter that, regardless of a given 
golfer's putting stroke style, will consistently 
permit impacting the golf ball within a specific true 
roll impact zone below the ball's equator. That is, 
it is found that the best impact zone is slightly 
below, i.e., from only 0.015 inch to 0.073 inch below, 
the ball's equator, such that if the ball is hit 
there, initial skidding is minimized and the earliest 
true roll is created for the putted ball. Thus, as a 
function of club strike face height, and depending on 
the specific loft needed (whether for a professional, 
low amateur or high amateur golfer, or alternatively, 
to accommodate the day's given Stimpmeter reading) the 
curved strike face is formed with a resulting specific 
radius, thereby giving a curved strike face that will 
permit consistently hitting the golf ball just 
slightly below its equator and within the preferred 
true roll impact zone. 

Claims abound for many prior curved face 
putters that their curved strike faces, upon contact 
with a golf ball, would immediately cause it to have 
overspin and start rolling true, i.e., without any 
unwanted initial skidding (which can then translate 
into severe misalignment throughout the putted ball's 
roll). However, actual testing has shown that there 
will always be an initial hopping and skidding portion 
to a putted ball's roll. 

Thus, the goal of the present invention is 
to minimize that initial skidding to be no more than 
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10-12% of the overall putt, thereby substantially 
increasing the accuracy of straight line tracking of 
the golf ball through use of the present curved face 
putters. This is accomplished in the more advanced 
form of the invention, by varying the curved face's 
roll radius, depending on the putter face height, to 
permit impacting the ball in its true roll impact 
zone, regardless of putting stroke style being used. 

In a more basic version of the invention, a 
series of similarly lofted putters, each having a 
different curved strike face radius, is provided. 
There, the golfer can choose the one curved face 
radius deemed most appropriate, i.e., with the best 
feel, for the golfer's specific putting stroke style 
or given green conditions. 

Additionally, a system for fitting a golfer, 
having a specific putter stroke style or for specific 
green conditions, is provided. There, instead of 
being concerned with a particular lie angle as per the 
prior art, the golfer is fitted for his or her 
particular dynamic shaft impact angle , i.e., that 
shaft angle relative to the ball during impact, that 
results from the golfer's particular putting style. 

Finally, there is provided a curved face 
putter that can be dynamically fitted to a given 
golfer, by providing a different loft depending on the 
height and type of the putting surface present, i.e., 
either for the actual mowed grass height and green 
speed or for the day's Stimpmeter reading, for a given 
course . 

RT-i^f neseriotion of the Drawings 
The means by which the foregoing and other 
features and aspects of the present invention are 
accomplished and the manner of their accomplishment 
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will be readily understood from the following 
specification upon reference to the accompanying 
drawings, in which: 

FIG* 1 is a rear elevation view of a curved 
face putter made in accordance with the more basic 
version of the present invention; 

FIG. 2 is a front elevation view of the 

putter of 
FIG. 1; 

FIG. 3 A is a toe end view of the putter of 
FIG. 1, as formed with a relatively long roll radius 
for the curved striking face; 

FIG. 3B is a toe end view, similar to FIG. 
3A, but formed with a more intermediate length radius 
for the curved strike face; 

FIG. 3C is yet a further toe end view, also 
similar to FIGS. 3A and 3B, but formed with yet a 
shorter length roll radius for the curved strike face; 

FIG. 4 is a top plan view of the putter of 
FIG. 3C; FIG. 5 is an illustration showing ball 

movement, plus accompanying definitions and equations, 
for determining true roll of a putted golf ball 
relative to the more advanced form of the invention; 

FIG. 6 is a chart giving true roll test data 
for a lofted putter; 

FIG. 7 is a graphical representation of the 
true roll test data of FIG. 6; 

FIG. 8 is a chart with accompanying 
equations for calculated best line fit data for the 
true roll test data of FIGS. 6 and 7; 

FIG. 9 is a graphical representation of the 
best line fit data of FIG. 8; 

FIG. 10 is a graph of loft versus pure roll 
displacement, to determine the true roll zone for a 
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putted golf ball; 

FIG. 11 is a graphical representation of a 
golf ball and the preferred true roll impact zone 
thereon ; 

FIG. 12 depicts a flat faced lofted putter, 
when used with putting style 1; 

FIG. 13 depicts a flat faced lofted putter, 
when used with putting style 2; 

FIG. 14 depicts a flat faced lofted putter, 
when used with putting style 3; 

FIG. 15 depicts a curved face lofted putter, 
with a curved striking face made in accordance with 
the present invention, when used with putting style 1; 

FIG. 16 depicts a curved face lofted putter, 
with a curved striking face made in accordance with 
the present invention, when used with putting style 2; 

FIG. 17 depicts a curved face lofted putter, 
with a curved striking face made in accordance with 
the present invention, when used with putting style 3; 

FIG. 18 is a graphical representation, plus 
equations, for determining the proper curved face roll 
radius, for variations in putter face height, in 
accordance with the present invention; 

FIG. 19 represents, for a given loft and 
face height of curved face putter, the resulting roll 
radius ; 

FIGS. 20A-20E are charts listing the optimum 
curved face roll radii versus face height, calculated 
in accordance with the present invention; 

FIG. 21 is a chart summarizing curved face 
roll radius versus loft angle; 

FIG. 22 is a graph representing the roll 
face calculations of the chart of FIG. 21; 

FIG. 23 depicts the positioning of the 
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center of curvature for producing a given roll radius 
on a curved face putter, to accommodate specific 
putting styles and/or putting green conditions; 

FIG. 24 is a toe end view of a putter of an 
alternate form of the present invention; and 

FIG. 25 graphically depicts the portions of 
multiple curvature on the strike face of the putter of 
FIG. 24. 

Detailed Description of the Preferred Embodiment 
Having reference to the drawings, wherein 
like reference numerals indicate corresponding 
elements, there is shown in FIGS. 1-5 an illustration 
of a basic form of the invention. It concerns 
providing different curved face roll radii for a 
putter of a given face height and which is lofted, to 
create different striking characteristics, depending 
on a given golfer's putting desires and conditions. 
The additional FIGS. 6-23 depict a more complete and 
advanced form of the invention, to provide the 
required optimal roll radii, for any given height of 
curved face putter, to assure hitting the ball 
consistently within its preferred true roll impact 
zone below the ball's equator, regardless of the 
putting stroke style used by a given golfer, and 
regardless of tolerances from normal for that golfer's 
own putting style. 

a. Basic Fo rm of the Invention 
The present invention, in its more basic 
form, and in a first instance, relates to a putter 
head that has the shapes and features generally as 
shown in the drawings attached hereto. This form of 
the invention is first depicted in three basic 
embodiments as represented by FIGS. 3A, 3B, and 3C. 
Without minimizing the novel contributions of other 
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shapes and features of the depicted putter head, the 
putter head of the present invention is characterized, 
in each of its preferred embodiments , by a curved and 
lofted ball-striking face. This characteristic 
combination of both a vertically-aligned or roll 
radius on the striking face and a loft to the face is 
believed to be a unique combination of features for 

any putter. 

The invention, in a second instance, again 
relative to its more basic form, involves a multiple- 
putter putting system that is comprised of a plurality 
of individual putters, each individual putter having a 
curved striking face defined by a radius different 
from that of each other putter of the plurality. 
Preferably, the component putters of the putter system 
of the present invention are those of the present 
invention mentioned in the "first instance" above. 
However, each of the putters of the plurality is not 
simply an alternate embodiment of the invented putter 
but rather, is one component putter of a putting 
system wherein each component putter is selectively 
constructed with unique striking face radius in order 
to provide a different striking characteristic, i.e., 
feel to the golfer for a given putting surface. 

With reference to the drawings (especially 
FIGS. 3A-3C, and FIG. 4), and in an effort to better 
define the loft and radius of the curved striking face 
of the putter head, the putter of the basic form of 
the present invention is seen as having a ball- 
striking face 15, a base 16 which includes a forward 
planar surface 17 and a rearward surface 18, and a top 
surface 19. The curved strike face 15 intersects the 
top surface 19 at a top/forward edge 21 (referred to 
in profile of FIGS. 3A-3C as the "hinge point" 21). 
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When defining the curved face and the loft, in 
accordance with the preferred embodiments of the basic 
form of the present invention, a "loft line" 23 (seen 
in profile in FIGS. 3A-3C) is drawn from hinge point 
21 to the line representing the plane of the bottom 
forward planar surface 17, such that the loft line 23 
and the extension of the bottom planar surface 
intersect (at a "theoretical edge point" 25) to define 
a desired angle (see angle "a") which is equal to 90° 
plus the loft angle. For example, as seen in FIG. 3A, 
the loft angle would be 3° (that is, a 3 degree static 
loft) . Once the theoretical edge point 2 5 is 
ascertained, each of the respective curved front 
strike faces 15A, 15B, and 15C is established by 
choosing the desired radius and making the curved 
strike face be the arc of the circle formed by that 
radius as defined by the chord from point 21 to point 
25. The center of curvature of the arc of the 
respective curved strike faces 15A, 15B, and 15C lies, 
preferably, on the perpendicular bisector of the chord 
from point 21 to point 25. 

As previously mentioned, FIGS. 3A-3C show 
three exemplary component putters in the multiple- 
putter system of the basic form of the present 
invention, formed of specific dimensions, and of a 
constant face height (see reference letter FH in FIG. 
2) . More particularly, the putter of FIG. 3 A has a 
curved striking face 15A formed of a 10 inch roll 
radius, the putter of FIG. 3B has a curved striking 
face 15B formed of a 4 inch roll radius, and the 
putter of FIG. 3C has a curved striking face 15C 
formed of a 2 inch roll radius. In one set of samples 
in accordance with this basic form of the invention, 
each putter preferably has a strike face height FH of 
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approximately .965 inch. 

Thus, the plurality of putters in the system 
of putters of the more basic form of this invention 
are represented by the three end view drawings (FIGS. 
3A, 3B, and 3C) . While a top view (FIG. 4) is shown 
for only one of the curved strike faces, namely that 
putter of FIG. 3C, it is understood that the top view 
of each of the other component putters of the system 
(e.g., putters of FIGS. 3A and 3B) would have a 
similar top view, except for the dimensional 
difference that would be created by the different roll 
radius curvature of the striking face 15 of the 
respective putter. 

Thus, it is seen that a curved face putter 
of a given face height can be formed with a given loft 
to the curved face, and that different roll radii for 
the curved face can be used, whereby any one of 
several, or a system of lofted, curved strike face 
putters can be made for, selected and used by a given 
golfer. 

B- Adva nced Form of the Invention 
Keeping in mind the above-described ability 
and resulting benefits to form a curved face putter 
having the combination of a given loft and roll radii, 
there is a further need to determine the best roll 
radii and loft, for a given putter design, i.e., for a 
putter with a given face height, so that the earliest 
true roll of the putted ball will consistently occur. 
More specifically, there has been a need to determine 
what roll radius, and what loft angle, is best for a 
given curved face putter having a known strike face 
height, all to minimize the initial skidding and 
hopping of a putted ball, to thereby achieve the 
earliest true roll for the ball, and to do so 
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regardless what putting stroke style a given golfer 
may use. 

A series of tests were undertaken using as a 
standard a flat face putter having a 3° positive loft, 
to determine the earliest point at which so-called 
"true roll" began for a putted golf ball. Timed high 
speed photographs were utilized to establish the 
ball's motion, i.e., displacement position and angular 
rotation. It was determined that, contrary to 
statements made in various prior art patents, and both 
from the laws of physics, and from the actual timed 
photographs taken in connection with the present 
invention, an immediate true roll of a putted ball is 
not possible. That is, there will always be some 
initial portion of the ball's motion where slipping, 
sliding, and hopping will occur. However, there then 
comes a point when the ball's center and the ball's 
surface move together at the same rate, to establish a 
true roll for the ball. 

In FIG. 5 there are listed various general 
equations and definitions for determining the true 
roll of a putted golf ball. (Such definitions, 
equations, and relationships, as set forth in FIG. 5, 
and in all the other accompanying Figures, are 
incorporated herein by reference.) For testing 
purposes, and as the golf ball generally utilized when 
playing golf by both professionals and amateurs alike, 
the chosen golf ball had a circumference of 1.68 
inches, and thus a radius of .84 inch, plus a 
circumference of 5.27 inches. Thus, by definition, 
once a ball during its putted trajectory has moved a 
distance of 5.27 inches, plus during that same time 
rotated a full 360°, then slip page has stopped and a 
condition of true roll has been achieved. The present 
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invention's goal, therefore, is to provide a curved 
face putter where such a "no slip" condition, i.e., 
where Vc (velocity at the center of the golf ball 28, 
in inches /second) is the same as Vs (velocity at the 
surface of the golf ball 28, in inches/second), 
consistently occurs at the earliest possible time 
after impact by the putter. 

By way of explanation, in the timed test 
photographs, the ball's distance between centers were 
photographed at l/30th of a second. The photographs 
were taken from the side of the golf ball 28, so that 
the ball's movement (in both the horizontal or "X" 
direction and in the vertical or "Y" direction) could 
be recorded. The golf balls were putted with a 
mechanical putting device, so as to assure consistency 
in putting stroke style, delivered putting speed and 
force at impact, plus a uniform height of the putter's 
leading edge from the ground or putting surface. 

The calculations utilized to determine the 
putted ball's velocity at center Vc, as well as 
velocity at surface Vs, are shown in FIG. 5. The two 
positions of the golf ball 28 as depicted in that 
Figure shown (in the left view) the position of the 
golf ball 28 at a first point, and at another given 
point (in the right view) just l/30th of a second 
later. More specifically, FIG. 5 depicts in general 
how the ball's surface BS has travelled from position 
1 to position 2, while the ball's center BC has been 
moved a distance d (in inches). Also depicted is the 
ball's angular rotation, represented by reference 
letters "ANG" (in degrees of rotation) . Then, 
sequentially, from ball position 2 to 3, position 3, tc 
4, and so forth, the timed test photographs depicted 
the ball's actual center velocity Vc and surface 
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velocity Vs. Again, a condition of "no slip", and 
thus true roll, for the putted golf ball 28 occurred 
when the absolute angle of rotation was 360° and the 
ball's center moved 5.27 inches. 

For such timed photograph putting tests, a 
multiple series of 10 ft. putts were made with the 
mechanical putting device (not shown) . (A length of 
10 feet was selected for such putter testing, since 
the great majority of putts in a round of golf are ten 
feet or less, such that the accuracy of such putts 
contribute the greatest to one's overall golf score.) 

Figure 6 then represents the recorded motion 
data for golf ball 28, as moving from ball positions 1 
through 12, for one such series of tests. As seen 
there, for a flat-faced putter having a measured or 
static face loft of 3° positive/ the ball 28 has moved 
in the X displacement direction some 12.75 inches 
before the angle of rotation was 360°, even though the 
actual or total "no slip angle" of rotation is 869.7°, 
and thus, where Vs began to approximate Vc. 

The surface velocity Vs is seen to increase, 
then slow down, then increase, then slow down, and 
finally increase; those changes in Vs represent the 
times when the putted golf ball has hopped off and 
then recontacted the putting surface. Similarly, the 
Y direction displacement figures in FIG. 6 show the 
correlation to such "elevated" or hopping motion of 
golf ball 28, i.e., when the ball hops off the putting 
green surface PGS during the initial portion of any 
putted stroke. More specifically, in FIG. 6 (see Y 
displacement column), figures above .84 inch reflect 
that the golf ball 28 is at that moment airborne by 
some small amount. It also reflects that true roll of 
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ball 28 does not occur until the ball's center finally 
settles at .84 inches above the PGS, i.e., the ball's 
lowermost surface is contacting PGS, and Vs merges 
towards and finally equals Vc. 

Figure 7 represents a graphical plotting, 
again for a 3° lofted flat face putter, of the surface 
velocity Vs and the center velocity Vc of golf ball 
28, as taken from the test results set forth in FIG. 
6. As seen there, from an X displacement running from 
the initial impact point, i.e., at 0.0 inches, to an X 
displacement of approximately 12 to 13 inches, the 
surface velocity Vs gradually increases from 0 to 
approximately 22 to 23 inches per second. Similarly, 
over that same time, the ball's center velocity Vc 
gradually decreases from approximately 40 inches per 
second to approximately 22 to 23 inches per second. 
Again, this data verifies that contrary to prior 
assumptions and claims, there will always be some 
initial skidding portion to a putted ball's motion. 

Figure 8 represents the calculated "best 
line fit" data for the true roll test results set 
forth in FIG. 6, and as also plotted in FIG. 7. More 
specifically, that Figure tabulates the calculated 
best line fit for both the ball's surface velocity Vs 
and its center velocity Vc. That figure also helps 
explain that, when the surface velocity Vs finally 
equals the center velocity Vc, the ball has achieved 
so-called true roll, i.e., that condition where both 
the ball's surface velocity and center velocity are 
travelling at the same speed. It will be understood 
that this is the point in a putted ball's motion where 
it has the highest moment of inertia due to achieving 
uniform angular acceleration, i.e., stability. This, 
in turn, allows the moving ball to track its putted 
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course with the best accuracy. However, as seen, this 
high moment of inertia condition (at true roll) is 
quite contrary to the initial portion of the putted 
ball's motion, wherein the initial hopping, skidding, 
and sliding combine to result in the ball having a 
much lower angular acceleration. As known, the longer 
the initial skidding motion continues, the greater the 
tendency the ball 28 has to go off line, such as when 
it hits any minor defects in, or small debris on, the 
putting green surface PGS. 

Figure 8 also indicates that, for the test 
data of FIG. 6, true roll for ball 28 is achieved at 
an X horizontal displacement location of 14.456 
inches. Again, at that displacement location, both Vs 
and Vc were equalized at 27.8 inches per second, and 
thereafter decay at the same rate due to gravity and 
friction. Thus, as seen, for a given 10 ft. putt, 
some 12.05% of the ball's putted motion was in initial 
skid, while the remaining 87.95% was in the desired 
true roll. 

The calculated best-line-fit data of FIG. 8 
is depicted in graphical form in FIG. 9. Again, it is 
seen that the center velocity Vc starts, at the ball's 
impact, at 42.0294 inches per second, and then 
gradually reduces, i.e., slows down, to 27.8 inches 
per second. At the same time, the surface velocity Vs 
goes from 0.0 inches per second at impact to 27.8 
inches per second at the time true roll is achieved, 
i.e., when Vc and Vs finally merge. Again, such true 
roll is seen to occur at 14.456 inches after the point 
of impact along the putted line. 

Figure 10 represents tests wherein the flat- 
faced putter's loft was progressively changed, versus 
the previous tests' use of a consistent 3* static loft 
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(depicted in FIGS. 6-10). That is, the flat faced 
putter (not shown) had its strike face loft varied, 
starting from 0° through 10°, in 2° increments, during 
testing. The resulting graph of FIG. 10, for such 
loft variation tests, shows the correlation between 
the putter's strike face loft and true roll, i.e., 
that X displacement when the putted ball first 
achieved true roll. As seen, a so-called "true roll 
zone" for a putted ball optimally occurs when the 
putter's dynamic loft, i.e., that loft being presented 
by the strike face at impact, falls within the range 
of from 2° to 4° positive loft. In that loft range, 
the initial skidding portion of a putted ball's motion 
is kept to a minimum — thereby to achieve true roll 
at the earliest time and earliest displacement into 
the putted ball's motion. Stated another way, the 
unwanted initial skidding and hopping of a putted 
ball, before true roll finally sets in, is kept to an 
absolute minimum when the putter strike face is 
provided with a very minimal positive loft, to thereby 
provide the ball with only a slight upward motion, 
i.e., lifted just to the top of the blades of grass, 
so as to start true roll at the earliest moment 
possible. 

Ideally, if every golfer could consistently 
deliver a 3° lofted flat face putter at generally 90° 
to the ground, that would insure that the golf ball 28 
would be hit at an impact point at a very slight 
distance below the golf ball's equator to assure 
minimal skidding and optimum true roll. However, that 
often does not occur, especially in view of different 
putting stroke styles used, plus a golfer's variations 
within his or her own putting stroke. 

Again, Figure 10 explains why the best "true 
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roll impact zone" of the club head as being below the 
ball's equator, i.e., so as to produce the earliest 
true roll, is for a putter with a loft of from 2° to 
4°. Depending on the putting green speed conditions, 
a loft of, say, 1° positive, or instead of 5° 
positive, might be used. Through calculations then, 
one can determine the optimum impact point to hit a 
golf ball below its equator. That is, one uses the 
equation of: sin (loft) times ball's radius. For 
example, Sin (2°) x .84" indicates that a 2° lofted 
putter would hit the ball 28 at a point approximately 
.0293" below its equator. Similarly , Sin (4°) x .84" 
indicates that a 4° lofted putter would impact the 
ball 28 at approximately .0586" below its equator. 
For 1° loft, it would be 0.015 inch, and for 5° loft, 
it would be 0.073 inch below the ball's equator. The 
optimal or 3° lofted putter, would impact a ball at 
just .044" below its equator, to best achieve earliest 
true roll. (See FIG. 11.) 

Thus, optimal true roll occurs when a ball 
is struck at a point within a true roll impact zone 
ranging from 0.015 inch to 0.073 inch below the ball's 
equator. That impact zone is where the putter's 
strike face should consistently impact the golf ball 
28 to best achieve early true roll of the ball, no 
matter what putting style is used. (See FIG. 11.) 

It will be understood, however, that it is 
very difficult for a golfer to consistently deliver a 
lofted flat-faced putter at a given dynamic shaft 
impact angle relative to the ground. ("Shaft impact 
angle" is intended to describe that angle between the 
putter's shaft center line, and a plane through the 
ball and normal to the ground or putting surface, 
measured at impact of the club strike face with the 
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golf ball.) 

On the other hand, by using the present 
invention's improved curved face putter, its strike 
face's roll radius can be so specially chosen as to 
consistently allow the curved strike face, regardless 
of the putting stroke style used, to hit the ball 
within the above-described preferred true roll impact 
zone. Figure 11 depicts such a true roll impact zone 

for the ball 28. 

The dynamic impact effect of the three basic 
putting stroke styles, as used by both professional 
and amateur golfers alike, is shown in FIGS. 12-14. 
More specifically, FIG. 13 reflects use of putting 
stroke style II, or the more standard pendulum putting 
stroke. Here, a standard 3° lofted flat-faced 
putter, when delivered via putting stroke style II, 
causes the strike face 30 to impact ball 28, at the 
bottom dead center of the stroke, at an impact point 
some 0.44 inch below the ball's equator, i.e., within 
the true roll zone. The resultant dynamic shaft 
impact angle (caused by that putting stroke style II) 
for shaft 34 is 90°. Also, the lower leading edge 36 
of strike face 30 is (for most golfers using style II) 
normally maintained at approximately 0.289 inches from 
the putting surface PGS. But if the club head is not 
exactly delivered at 90° bottom dead center, the 
impact point will noticeably change. Further, use of 
a flat faced putter does not take into consideration 
the slight variations that a given golfer has around 
his ••average" putting stroke style. For example, it 
has been noted that a given golfer can have as much as 
±2° to 3° variation, i.e, tolerance, in dynamic shaft 
angle around his or her average putting style. 

Figure 12 shows use of putting style I , or 
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the so-called "broken wrist" putting style. There, 
the 3° static lofted flat strike face 30, when 
delivered to the golf ball 28, impacts the ball at a 
much greater distance below its eguator, namely by 
some 0.116 inch. This occurs because the effective 
dynamic loft of the strike face is now 8°, or stated 
another way, the dynamic shaft angle is only 85 •. (It 
will be understood here that a club's dynamic loft at 
impact equals 90°, less the dynamic shaft angle, plus 
the club's static loft.) Because of putting style I, 
i.e., where the wrists are broken, the club head 30 
starts to rotate upwardly just prior to impact. 
Thus, as seen in FIG. 12, the lower leading edge 36 of 
the club face 30 is more elevated than with the other 
putting styles, i.e., elevated by some .389 inch off 
the putting surface GGS. 

Finally, FIG. 14 depicts putting stroke 
style III, or the so-called "forward press" or "piston 
type" putting stroke style, with this particular 
stroke,. again with a 3° lofted flat-faced putter, the 
putter head 32 is on a downward arc when strike face 
30 impacts the golf ball 28. This downward arc, in 
effect, acts to reduce or deloft the static loft built 
into strike face 30 at impact. As seen, the strike 
face 30 impacts the golf ball 28 at a point some 0.029 
inch above (not below) the equator of ball 28. That 
impact point, of course, is well out of the preferred 
true roll zone as described above. Moreover, due to 
this forward press putting style, the effective 
dynamic loft of the strike face is -2°, dynamic shaft 
angle is approximately 95°, and the leading lower edge 
36 is positioned substantially lower than that of 
putting styles 1 or 2, namely at only some 0.189 inch 
from the putting surface PGS. 
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Thus, as seen per FIGS. 12-14, a flat face 
putter head 32 impacts the golf ball 28 at a point 
within the true roll zone (i.e., within 0.015 inch to 
0.073 inch below the ball's equator) only when putting 
style II is used. Yet this occurs only when the 
3° lofted putter is stroked such that the shaft's 
dynamic impact angle is truly 90°, and no variations 
in that shaft impact angle have been produced by the 
golfer. This may help explain why many professional 
golfers, and many low handicap amateurs, actually bend 
their putter's hosel, i.e., the point of attachment of 
the putter head to the shaft, in order to achieve a 
built-in static loft to counteract their final hand 
position at impact. Further, many golfers, and 
particularly amateurs, are not willing to make such 
changes to an expensive putter, or even know how to do 
so. Thus, they suffer continuously from inaccurate 
putting. Again, it is seen that when lofted flat- 
faced putters are used with either putting style I 
(broken wrist) or style III (forward press) , they 
simply do not normally permit hitting the golf ball 
within the preferred true roll zone, and further, when 
used with putting style II, such flat-faced putters do 
not help with a golfer's own variations in his or her 
dynamic shaft impact angle. 

Thus, there is shown in FIGS. 15 through 17 
the present improved putter, generally denoted by 
reference numeral 38, with improved curved strike face 
40. Face 40 is formed of a specific face roll radius, 
for a given face height, to permit consistently 
hitting the golf ball within the preferred true roll 
zone, regardless of the putting stroke style that is 
utilized. First, FIG. 15 depicts an improved putter 
38, with improved curved strike face 40 having a 3° 
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positive loft f as used with putting stroke style I. 
As seen, that "broken wrist" style of putting still 
provides a dynamic lead angle of 85° for shaft 34, and 
causes the leading edge 42 of curved strike face 40 to 
still be maintained at approximately 0*389 inch above 
the putting surface PGS. However, because of the 
improved curved strike face 40, having a specific roll 
radius of approximately 4.3 05 inches, that curved face 
40 assures proper impact of the ball 28 within its 
true roll zone, namely at approximately 0.044 inch 
below the ball's equator. 

Second, FIG. 16 depicts the same improved 
curved face putter 38, but here as used with a 
pendulum putting stroke (i.e., style II). Here again, 
the curved strike face 40 is so formed on putter head 
38 as to have 3° of positive loft, the dynamic lead 
angle is 90° for shaft 34, and the lower leading edge 
42 is again maintained at 0.289 inches off the putting 
surface PGS. However, because of the improved curved 
strike face 40 (again formed with approximately a 
4.305 inch roll radius), the putter head 38 was able 
to impact the golf ball 28 within the preferred true 
roll zone, namely at approximately 0.044 inches below 
the ball's equator. 

Third, FIG. 17 shows the same 3° lofted 
curved face putter 38, with a curved strike face 40 
again having a roll radius of 4.305 inches, but as 
used with the forward press putting stroke (style 
III). As with the flat face putter, the curved face 
putter head 38 is so delivered to the ball 28 that a 
dynamic lead angle of 95° is created for shaft 34, and 
the lower leading edge 42 at impact of the ball is at 
approximately only 0.189 inch from the putting surface 
PGS. However, due to the presence of the 4.305 inch 
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roll radius for curved strike face 40, the club head 
38 yet again impacts ball 28 within the true roll 
zone, namely at a point 0.044 inch below the ball's 
equator. 

As seen, not only does the present 
invention's improved curved face putter accommodate 
all three putting styles, but it is also able to 
accommodate a given golfer's individual variations, 
i.e., dynamic shaft angle tolerance, within his or her 
own putting style. 

In FIGS. 15-17 , the height of curved strike 
face 40 is designated by reference letters FH. It is 
seen that by selecting a uniform roll radius for 
curved strike face 40 (and one which is approximately 
4.305 inches), the resulting club head 38, as formed 
with a 3° loft, and regardless of putter stroke style, 
can be used to consistently impact the golf ball 
within its true roll impact zone, all so as to achieve 
the earliest true roll for the ball 28. Further, 
regardless of where the curved face 4 0 actually 
impacts the golf ball 28 — whether at a more elevated 
or less elevated point along the face — such that the 
distance of leading edge 42 from the putting surface 
PGS is raised or lowered relative to the positions 
shown in FIGS. 15-17, the curved strike face 40 (by 
being of a radius of 4.305 inches) will still impact 
ball 28 at a point approximately 0.044 inch below the 
ball's equator. This consistently occurs, because of 
the curvature selected, i.e., roll radius, for a 
putter of a given face height and loft, to result in 
the improved curved strike face 40. 

It will be understood that the strike face 
height FH was held constant for the putter head 38 
depicted in each of FIGS. 15-17 • In one sample made 
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in accordance with the present invention, that face 
height FH was selected to be .900 inch. However, such 
face height can also vary dramatically, depending on 
the specific putter design being used, whereupon in 
accordance with the present invention, face roll 
radius will necessarily change. 

A progression of calculations needed to 
determine the correct roll radius for the curved 
strike face 40 are set forth in FIG. 18. More 
specifically, item A is the Sin (Loft) x (.5 FH) , h is 
the chord height, B is the vertical height from 
leading edge to center of face, C is Tan (Loft) (A) , 
and FH means the club's strike face height (as 
measured normal to the loft plane of the curved strike 
face 40) . Use of these equations and those per FIG. 
18 results in the required roll radius for a given 
face height FH, and wherein the X and Y dimensions 
delineate where the center of curvature must be to 
create the arc that results in the present invention's 
improved lofted and curved strike face 40. 

For example, when such using equations, for 
a club head 38 having a 3° positive loft and a face 
height FH of approximately 1 inch, the resultant 
preferred roll radius is 4.783 inches. The X location 
is 4.777 inches, and the Y location is .250 inch, for 
the center of curvature. 

Depicted in Figure 19, and for reference 
purposes, is the equation for determining a curved 
face roll radius for a 3° lofted putter. That is, the 
specific roll radius for such a putter equals face 
height FH times slope (i.e., 4.782), plus the Y 
intercept dimension, i.e., 0.00116667 inch. There is 
also shown in FIG. 19 a chart, created through that 
equation (again specifically for a 3° lofted curved 
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face putter) , of a whole series of face heights 
(ranging from .500 inch to 1.500 inch), and each 
resultant face roll radius. 

Yet a more complete and progressive listing 
of the optimum curved face roll radii for a widely- 
varying series of given face heights is set forth in 
the series of Figures 20A through 20E. There, for a 
given, i.e., selected, loft angle and face height, and 
per the calculations previously shown (see FIG. 18) , 
the resultant roll radii are given, again to result in 
earliest true roll of the putted ball. As seen, one 
can use the charts given in FIGS. 2 0A-20E to create 
the particular roll radius for a given design putter 
head, i.e., as having a given face height FH. For 
example, for a loft angle of 2° and a face height of 1 
inch, the roll radius is calculated as 7.168 inches. 
Similarly, again for a face height of 1 inch but now 
of a different loft angle, namely of 4°, the roll 
radius is determined to be only 3.593 inches. Similar 
such face height and loft selections, and resultant 
roll radii, can be readily made by reference to FIGS. 
20A-20E. 

A summary chart for the roll radius for a 
given face height putter is given in FIG. 21. In that 
Figure, the loft angle runs from 0.5° loft to 8.5°, 
for face heights running from 0.5 inches to 1.5 
inches. The resulting data permits the clubmaker to 
pick the desired roll radius, for a given loft and 
face height of putter, to thereby permit the golfer, 
regardless of putting stroke style used (i.e., style 
I, II, or III) to consistently impact the golf ball 
below its equator within the preferred true roll zone. 

Additionally, FIG. 21 can be interpreted to 
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permit selection of a given roll radius depending on 
the loft required for specific types of green 
conditions, i.e., grass cutting height and greens 
speed. For example, loft angles ranging from 0° to 2° 
positive loft could be used to select the roll radius 
that best accommodates a prototypical professional 
golf tournament putting green surface. This would 
allow a true roll impact zone of from approximately 
0.015 inch to 0.044 inch below the ball's equator. On 
the other hand, lofts ranging from 2° to 4° could be 
used for selecting the roll radius that best 
accommodates the typical country club and better 
public course green conditions. This would permit a 
true roll impact zone of from approximately 0.024 inch 
to 0.059 inch below the ball equator. This would 
permit a true roll impact zone of from approximately 
0.024 inch to 0.059 inch below the ball's equator. 
Further, lofts ranging from 3° to 5« could be used to 
select the roll radius to accommodate green conditions 
of higher mowed height surfaces, such as are found at 
most public golf courses. Here, the true roll impact 
zone would be from approximately 0.044 inch to 0.073 
inch below the ball's equator. As can be noted, the 
ideal static loft would be 3° positive. 

The summary chart data of Figure 21 is 
represented graphically in FIG. 22. That Figure 
better illustrates how roll radius changes 
substantially, as a function of loft angle, to result 
in a curved strike face putter of the correct roll 
radius to consistently allow hitting the golf ball 
within the true roll zone below its equator. 

r. Custom Fitting of Cu r-ved Face Putters 

In view of the foregoing basic and advanced 
forms of the invention, it will be understood that it 
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is possible to custom-fit a given golfer with a curved 
faced putter of a specific roll radius to accommodate 
a chosen specific putter design, i.e., face height, or 
an extreme putting style (i.e., one outside of either 
standard forward press or broken wrist styles) , or for 
specific Stimpmeter (trademark) readings, i.e., for 
fast, medium, or slow greens. That is, once a 
golfer's given putting style is determined, the type 
putting greens that are present, and the particular 
face height of putter that is desired, then the 
specific static loft and roll radius can be calculated 
to custom-fit the golfer with a curved face putter. 

Take for example, an extreme forward press 
type golfer, who desires a putter with, say, a 1.2 
inch face height, and will be putting on extremely 
fast greens (i.e., best suited to have a 1-2° static 
loft). By using the charts of FIGS. 20A-20E, an 
optimum roll radius of 11.464 inches can be utilized. 
That radius is substantially different, however, than 
the 3.455 inch roll radius that would be used for a 
different forward press type golfer who, for the same 
face height club, actually has a much less severe 
forward press putting style, and is putting on slow 
greens, (i.e., where 5° loft is suitable). In each 
situation however, each forward press type golfer will 
have a putter (with a given custom-made, curved face 
roll radius) that will permit consistently impacting 
the golf ball within the true roll zone just slightly 
below the ball's equator. 

Further yet, via the foregoing fitting 
approach, a particular golfer can even be selectively 
custom- fit to have a curved face putter with a 
sufficient roll radius to accommodate various heights 
of putting surfaces, i.e., grass heights or green 
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speeds, or various Stimpmeter (trademark) readings. 
For example, operators of professional golf 
tournaments normally have the putting surfaces 
relatively fast and mowed to a very short level, i.e., 
from approximately .125 to .156 inch. On the other 
hand, private country clubs and some of the better 
public courses have somewhat average speed, i.e., 
higher mowed putting grass surface, namely, cut to 
approximately from .156 to .281 inch; whereas most 
public courses have slower and yet much higher mowed 
putting surfaces, namely, ones cut to approximately 
from .172 to .281 inch. 

Figure 23, in conjunction with the X and Y 
dimensions of the charts of FIGS. 2 OA to 20E, shows 
that, not only does the curved strike face 40 have a 
roll radius that is specific for a given Stimpmeter 
reading, but also provides the coordinates (in the X 
and Y dimensions) for creating that roll radius, i.e., 
cutting it on the clubhead to achieve a given loft. 
For example, a curved face putter for a professional 
tour putting surface might require from 1° up to a 3° 
loft, while a country club surface might use a 2-4° 
loft, and a public course might require a 3° to 5°, or 
higher, lofted curved face putter. Importantly, the X 
and Y dimensions thus reflect the center of curvature 
for the determined roll radius. 

Figures 24 and 25 depict a modified version 
of the more advanced form of the improved curved face 
putter of the present invention. There, the curved 
strike face 44 is shown as having a principal or 
operative roll radius R x , for generally the lower 
major striking portion of face 44, an upper roll 
radius R 2 , for generally the upper non-striking 
portion of face 44, and a lowermost or yet third roll 
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radius R 3 , essentially forming the lower leading edge 
46 of the putter 48. As seen, the primary striking 
roll radius R x is much larger than that of upper (or 
so-called "aesthetic") roll radius R 2 . Preferably, 
strike roll radius R x extends within the range of from 
45% to 85% of the lower height of curved strike face 
44; and most preferably, strike roll radius R 1 extends 
for approximately the lower 75% of the height A of 
face 44 (see FIG. 25) . Conversely, upper aesthetic 
roll radius R 2 only extends for the upper 15% to 40% 
of height of strike face 44, or preferably for only 
approximately 25% of the upper height A in FIG. 25. 
As discussed above, the desired length of strike roll 
radius R x is calculated per FIG. 18, and taken from 
the charts of FIGS. 20A-20E, while the normally 
shorter length of upper roll radius R 2 can range from 
approximately 0.125 inches to infinity (i.e., be 
essentially a flat face) . The locations of the 
respective roll radii R 1# R 2 , and their respective 
centers of curvature are depicted in FIG. 25, where R x 
is shown as being 4.60 inches, and upper roll radius 
R 2 is shown as 0.800 inch, for example. 

The reasons behind selecting a specific 
strike roll radius R x are as given above regarding the 
improved curved face of the embodiment of FIGS. 6-23. 
However, the reason for the additional or upper roll 
radius R 2 , to be generally much smaller than strike 
roll radius R 1# is to allow the aesthetic look of the 
putter 48 (to the golfer's eye, including at the ball 
address position) to have a more visually pronounced 
curved face look, i.e., than would otherwise be the 
case if only radius R x were formed on strike face 44. 
That is, relative to the embodiment of FIGS. 6-23, the 
strike roll radius R x may be of such a larger 
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dimension that the strike face 44, while curved, 
nevertheless generally appears flat. The presence of 
upper radius R 2 helps soften that appearance, and 
gives a more curved look to the golfer's eye. 

Also, the upper radius R 2 is present to 
allow the golfer at address with the ball (not shown) 
to better see the top portion of strike face (i.e., 
along the vertical curved area generated by roll 
radius R 2 ) and also see where the strike roll radius 
R x starts (see generally point "X" in FIGS. 24 and 
25) . Finally, the lower radius R 3 is simply to 
provide a smooth transition for curved face 44 into 
the club's sole 50. 

From the foregoing, it is believed that 
those skilled in the art will readily appreciate the 
unique features and advantages of the present 
invention over previous types of curved face putters. 
Further, it is to be understood that while the present 
invention has been described in relation to particular 
basic and advanced embodiments, and putter systems, as 
set forth in the accompanying drawings and as above 
described, the same nevertheless are susceptible to 
change, variation and substitution of equivalents 
without departure from the spirit and scope of this 
invention. It is therefore intended that the present 
invention be unrestricted by the foregoing description 
and drawings, except as may appear in the following 
appended claims. 
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WE CLAIM: 

1. The method of forming an optimal 
vertically curved strike face for a golf putter, for 
allowing the curved strike face to consistently impact 
the golf ball at a point within the ball's true roll 
impact zone in a range from approximately 0.015 inch 
to 0.073 inch below the ball's equator, and regardless 
of the putting stroke style used by a given golfer, 
comprising the steps of: 

a) selecting a putter design having a given 
strike face height; 

b) selecting a static loft for the curved strike 
face based on the putting green speed condition; and 

c) calculating the required roll radius for the 
curved strike face, as based on the selected face 
height and static loft, to allow impacting the ball 
within the true roll impact zone, using the equations 
of: 

(1) "A" = sin (static loft) (0.5) (face height) 

(2) "C" ■ tan (st atic loft) (A) 

(3) h - Ja 2 + C 2 

(4) Diameter = rh 2 + (0. 5 face height) 2 ) 

h 

(5) Curved Radius - Diameter 

2 

wherein A, C, and h are as set forth in FIGURE 18 of 
the DRAWINGS. 

2. The method of claim 1, and wherein the 
selected static loft falls within the range of from 
approximately 1° to 5° positive. 

3 . The method of claim 1 , and wherein the 
resulting dynamic loft delivered to the golf ball at 
impact falls within the range of from approximately 2° 
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to 4° positive. 

4. The method of claim 1, and wherein the 
selected static loft is so custom selected that, for 
use with relatively fast greens having a mowed grass 
height of from approximately 0.125 inch to 0.156 inch, 
the resultant putter's curved strike face static loft 
is from approximately 1° to 3° positive. 

5. The method of claim 1, and wherein the 
selected static loft is so custom selected that, for 
use with relatively moderate speed greens having a 
mowed grass height of from approximately 0.156 inch to 
0.281 inch, the resultant putter's curved strike face 
static loft is from approximately 2° to 4<> positive. 

6. The method of claim 1, and wherein the 
selected static loft is so custom selected that, for 
use with relatively slow speed greens having a mowed 
grass height of from approximately 0.172 inch to 0.281 
inch, the resultant putter's curved strike face static 
loft is from 3° to 5° positive. 

7. The method of claim 1, and, so as to 
accommodate the dynamic shaft angle delivered by a 
golfer having an extreme forward press putting stroke 
style, of increasing said static loft in the range of 
from approximately 3° to 5° positive loft for said 
static loft selected in step (b) above. 

8. The method of claim 1, and, so as to 
accommodate the dynamic shart angle delivered by a 



BNSDOCIO: <WO_9924124Al_l_> 



WO 99/24124 -34- PCTAJS98/23219 

golfer having an extreme broken wrist putting stroke 
style r of reducing said static loft in the range of 
from approximately 1° to 3° positive loft from said 
static loft selected in step (b) above. 

9. The method of claim 1, and determing the 
required X and Y displacements to find the center of 
curvature of the optimal roll radius calculated by 
step (c) above, wherein X and Y are determined using 
the equations of: 



(1) 


"A" 


- sin (static loft) (0.5) (face height) 


(2) 


n D w 


A 

tan (static loft) 


(3) 


n c" 


= tan (static loft) (A) 


(4) 


"B" 


- p + C 


(5) 


It £11 


= sin (static loft) (face radius) 


(6) 


ii y" 


dimension = B-E 


(7) 


"X" 


dimension = cos (static loft) (face 



radius) 

wherein A, B, C, D, and E are as set forth in FIGURE 
18 of the DRAWINGS. 

10. A plurality of vertically curved strike 
face putters, each said putter of the plurality, while 
having substantially the same face height and static 
loft, having a different roll radius for that given 
said putter's curved strike face, whereby a golfer on 
a given day can select which respective putter within 
the plurality best accommodates that golfer's putting 
stroke style and that given day's putting green 
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conditions. 

11. An improved vertically curved strike 
face putter having an optimal roll radius to permit 
impacting the golf ball within a true roll impact zone 
falling within the range from approximately 0.018 inch 
to 0.073 inch below the ball's equator, the 
improvement comprising in combination: 

a) a known face height (FH) for said curved 
strike face, 

b) a known static loft selected for said curved 

strike face, and 

c) said optimal roll radius formed on said 
curved strike face, based on said known face height 
(FH) and said known static loft, determined through 
the equations of: 

(1) "A" = sin (static loft) (0.5) (face height) 

(2) "C" = tan (static loft) (A) 

(3) h = \ A 2 + C 2 

(4) Diameter = fh 2 + fO -5 face height) 2 ) 
K h 

(5) curved Radius = Diameter 

2 

12. The invention of claim 11, and wherein 
said known static loft falls within the range from 
approximately 1° to 5° positive loft. 

13. The method of determining an optimal 
roll radius for a vertically curved strike face 
putter, comprising the steps of: 

a) determining the face height of the selected 
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design of curved strike face putter; 

b) selecting the static loft of the curved 
strike face; and 

c) determining the required optimal roll radius, 
as a function of said determined face height and said 
selected static loft, whereby said optimal roll radius 
permits said curved strike face putter, regardless of 
a given golfer's putting stroke style and the golfer's 
own tolerance variations within that style, to 
consistently impact the golf ball within a true roll 
impact zone below the ball's equator so that the ball 
will achieve the earliest true roll. 

14. The method of claim 13, and wherein 
said true roll impact zone is in the range from 
approximately 0.015 inch to 0.073 inch below the 
ball's equator. 

15. The method of claim 13, and wherein 
said true roll impact zone for use on relatively fast 
speed putting greens is in the range from 
approximately 0.015 inch to 0.044 inch below the 
ball's equator. 

16. The method of claim 13, and wherein 
said true roll impact zone for use on relatively 
average speed putting greens, is in the range from 
approximately 0.024 inch to 0.059 inch below the 
ball's equator. 

17. The method of claim 13, and wherein 
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said two roll impact zone for use on relatively slow 
speed putting greens is in the range of from 
approximately 0.044 inch to 0.073 inch below the 

ball's equator. 

18. An improved vertically-curved strike 
face putter able to consistently impact a golf ball 
within the ball's true roll impact zone below the 
ball's equator, regardless of a given golfer's putting 
stroke style, said putter's curved strike face formed 
of a selected face height and of a selected static 
loft, said curved strike face having an optimal roll 
radius resulting from said face height and static 
loft, said face height and said static loft selected 
from, and said resultant optimal roll radii, and the 
correlating X and Y displacement data for the center- 
of-curvature location for such resultant optimal roll 
radii, are established in, the following optimum roll 
radii charts: 
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as comprising FIGURES 20A through 20E, inclusive, of 

the Drawings. 

19 . The improved curved strike face putter 
of claim 18, wherein said true roll impact zone falls 
within the range of approximately .015 inch to 0.073 
inch below the ball's equator. 

20. An improved vertically-curved face golf 
putter formed with a curved strike for having an 
optimal roll radius so as to permit consistentaly 
impacting a golf ball, regardless of a specific 
golfer's putting stroke style, within the true roll 
impact zone below the golf ball's equator, said curved 
strike face having a given face height and a selected 
static loft, said face height and static loft, and the 
resultant said optimal roll radius thereof, are as set 
forth in the charts comprising FIGURES 2 OA through 
20E, inclusive, of the Drawings. 

21. The improved vertically-curved face 
golf putter of claim 20, and wherein the required X- 
and Y- displacements for locating the center of 
curvature for the resultant said optimal roll radius 
are as given in the charts comprising FIGURES 20A 
through 2 0E, inclusive, of the Drawings. 

22. The invention of claim 20, and wherein 
said putter includes two different roll radii, a first 
roll radius being the primary strike roll radius for 
impacting the golf ball in the true roll impact zone, 
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said first roll radius vertically extending within the 
range of approximately 45% to 85% of the lower height 
of said curved strike face; a second roll radius being 
provided to create the visual appearance of a curved 
strike face, said second roll radius vertically 
extending within the range of approximately 15% to 40% 
of the upper height of said curved strike face; and 
the radius of said second roll radius is less than the 
radius of said first roll radius. 

23. The invention of claim 22, and a third 
roll radius for said curved strike face and formed at 
the lowermost edge portion of said curved strike face. 

24. The invention of claim 22, wherein the 
value for said first roll radius is selected from the 
charts of FIGURES 20A to 20E, inclusive, of the 
Drawings. 
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General Equations and Definitions f<n 



9* 



Vc= Velocity at Center of the Golf Bail 

Vs ■ Veiocay at Surface of me Golf Ball 

GN Distance Between Centers at 1/30th sec 

W* angular velocity of the Golf Ball 

racf" radius of Golf Bail • 0.840T 

ang» Angle of Rotation v 

t/flI«o 0.033333secs ^/V&JA* 

1 Vs=racrw (in/see) 
wm(mngyin80yumm (xftec) 

2 Vc=d/tim* (jtvsme) 

j No miip Angle ~(3*o m dWs.Z7797> 
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r ^rui^tmd B* 1* Unm Fit Data 



Ball Position 


x defacement 


1 


0.000 


2 


1460 


3 


2425 


4 


3438 


5 


6.128 


6 


8.188 


7 


7476 


8 


6426 


9 


9438 


10 


11.128 


11 


12-000 


12 


12.780 



Velocity 
Surface 

0.5 

24 

84 

74 

lOi 

124 



184 
194 
214 
2X1 
244 



Velocity 
Center 

42429 
40.797 
39.441 
38.148 
36478 
38427 
34*786 
33424 



31488 
30.196 
29468 



Velocity of Surface - 1 6549-<x diaplaoement) * 0^53 
TTT F - ^y.98619*(x emplacement) ♦ 42.0294 



Velocity of Cantor- -0.9 



When VetocJfyfe 



i VmkycHy(cw5w^l ROLL 



Velocity 
Velocity 



PiM Distance^ 

"8 

in SUM 



14.458 in 

27.8 Waec 
274 Wsec 

120 in C*?«?f>> 
8745% 
12.05% 
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